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Abstract  The  aims  of  this  study  were:  (i)  to  describe  and  compare  morphologic,  physiologi-
cal, speciﬁc-skills  and  psychological  attributes  of  team-handball  players  from  two  teams  with
different  performances,  and  (ii)  to  identify  the  variables  that  differentiated  between  the  suc-
cessful and  less-successful  team-handball  players.  Thirty-four  (age  23.4  ±  4.7  years;  stature,
182 ±  6.3  cm;  body  mass  85.4  ±  11.4  kg)  professional  male  adult  team-handball  players  were
studied. Eighteen  athletes  (age  23.0  ±  3.8  years)  were  classiﬁed  as  successful,  and  sixteen  ath-
letes (age  23.8  ±  5.5  years)  were  classiﬁed  as  less-successful.  Each  participant  was  measured
according to  four  categories  of  variables,  i.e.  morphologic  (proportionality,  somatotype  and
body composition),  physiological,  handball-speciﬁc  skills  (technical  skills  and  game  intelligence
proﬁle) and  psychological  proﬁles.  Each  set  of  data  was  analyzed  using  MANOVA  (for  which
success was  the  between  participant  variable),  ANOVA  and  a  discriminant  function  analysis
(Stepwise  method).  Finally  the  selected  measures  were  analyzed  together  (a  multidisciplinary
approach)  using  a  discriminant  function  analysis  (Stepwise  method)  to  determine  which  combi-
nation of  measures  best  discriminated  between  the  two  groups  of  success.  The  results  showed
that: (1)  the  two  groups  presented  signiﬁcant  results  for  10  of  77  variables;  (2)  six  measures
(30-m sprint,  standing  vertical  jump,  right  handgrip,  sit-ups,  stature  and  ability  to  vary  their
actions) appear  to  be  the  strongest  predictors  of  success  in  team-handball  (Successful  =  −1.827;
Less-successful  =  2.055;    =  0.200,  2(6)  =  46.603,  P  <  0.001).  The  chosen  variables  are  repre-
sentative  of  three  different  categories  (morphologic,  physiological  and  team-handball-speciﬁc
skills)  showing  that  the  study  of  modern  team-handball  requires  a  multidisciplinary  approach.
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Enfoque  multi-disciplinar  en  un  equipo  de  balonmano
Resumen  Los  objetivos  de  este  estudio  fueron:  (i)  describir  y  comparar  las  características  mor-
fológicas,  ﬁsiológicas,  especíﬁcas  y  psicológicas  de  los  jugadores  de  balonmano  pertenecientes  a
dos equipos  con  diferentes  rendimientos,  y  (ii)  identiﬁcar  las  variables  diferenciadoras  entre  los
jugadores  de  los  equipos  de  balonmano  exitosos  y  menos  exitosos.  Se  estudió  a  treinta  y  cuatro
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jugadores  adultos  profesionales  de  balonmano  (edad,  23,4  ±  4,7  an˜os;  estatura,  182  ±  6,3  cm;
masa corporal  85,4  ±  11,4  kg).  Se  clasiﬁcó  a  dieciocho  atletas  como  exitosos  (edad,  23,0  ±
3,8 an˜os),  y  a  dieciséis  atletas  como  menos  exitosos  (edad,  23,8  ±  5,5  an˜os).  Se  midió  a  cada
participante  dependiendo  de  cuatro  categorías  de  variables:  morfológicas  (proporcionalidad,
somatotipo  y  composición  corporal),  ﬁsiológicas,  habilidades  especíﬁcas  del  balonmano  (habili-
dades técnicas  y  perﬁl  de  inteligencia  de  juego)  y  perﬁles  ﬁsiológicos.  Se  analizó  cada  conjunto
de datos  utilizando  MANOVA  (siendo  el  éxito  la  variable  entre  participantes),  ANOVA,  y  un  análi-
sis de  función  discriminante  (método  Stepwise).  Finalmente  se  analizaron  conjuntamente  las
mediciones  seleccionadas  (enfoque  multidisciplinar)  utilizando  un  análisis  de  función  discrimi-
nante (método  Stepwise)  para  determinar  qué  combinación  de  mediciones  discriminaba  mejor
entre los  dos  grupos  de  éxito.  Los  resultados  reﬂejaron  que:  (1)  los  dos  grupos  presentaron
resultados signiﬁcativos  para  10  de  las  77  variables;  (2)  seis  mediciones  (sprint  de  30  m,  salto
vertical de  pie,  fuerza  en  la  mano  derecha,  ejercicios  abdominales,  estatura  y  habilidad  para
variar acciones)  parecen  ser  los  mejores  pronosticadores  del  éxito  en  los  equipos  de  balonmano
(Exitosos  =  −1,827;  Menos  exitosos  =  2,055;    =  0,200,  X2(6)  =  46,603,  P  <  0,001).  Las  variables
seleccionadas  son  representativas  de  tres  categorías  diferentes  (morfológica,  ﬁsiológica  y  habil-
idades especíﬁcas  del  balonmano),  lo  que  reﬂeja  que  el  estudio  de  los  equipos  modernos  de
balonmano requiere  un  enfoque  multidisciplinar.
© 2013  Consell  Català  de  l’Esport.  Generalitat  de  Catalunya.  Publicado  por  Elsevier  España,
S.L. Todos  los  derechos  reservados.
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ne  of  the  most  fundamental  steps  in  any  multistep  sport
rogram  is  to  evaluate  the  player’s  performance,  within  dif-
erent  areas.1 Nevertheless,  in  team  sports,  performance
s  not  simple  to  measure2 and  selection  is  known  to  be
s  a  complex  process  (often  unstructured).3 In  fact,  the
iterature  relations  to  sports  expertise,  has  tended  to  be
ono-disciplinary.
In  team-handball,  the  study  of  the  morphologic  proﬁle  of
uccessful  athletes  has  been  one  of  the  issues  most  often
ddressed,  and  the  differences  between  players  from  teams
xhibiting  different  levels  of  performance4 are  one  of  the
ain  areas  of  study.
Also  the  physiology  of  team-handball  (and  ﬁtness)  is  now
etter  understood,5,6 and  it  is  known  that  modern  team-
andball  incorporate  acyclical  patterns  of  movement  (the
ntensity  of  exercises  varies  in  a  relatively  unpredictable
anner).7
About  the  interaction  between  expertise  and  individ-
al  movement  patterns,  it  seems  that  random  variability
haracterizes  less  experienced  motor  performance,  whereas
ctive  functional  variability  may  demonstrate  expert  motor
erformance.8 In  other  words,  it  seems  that  movement
requency  rate  (which  is  associated  with  the  ability  of
all  manipulation)  may  signiﬁcantly  predict  team-handball
layers’  performance.9 Nevertheless,  the  choice  and  the
requency  of  using  a  particular  tactical  option  in  attack  did
ot  guarantee  efﬁciency  (to  score),  and  could  be  affected  by
he  level  of  individual  technical-tactical  skills  in  low-quality
eams.10 These  ﬁndings  suggested  that  the  team-handball-
peciﬁc  skill  evaluation  could  be  useful  as  a  selection
ndicator.3
In  addition,  the  sport  psychology  literature,  based  on
he  idea  that  psychological  attributes  can  contribute  to  ath-
etic  success,  has  incorporated  since  its  inception,  a  great
j
t
t
unterest  in  the  study  of  excellence.11 It  seems  that
otivation,12 anxiety  management  and  coping  skills13 may
lay  an  important  role  in  athletic  development,  but  it
s  still  difﬁcult  to  determine  strong  psychological  differ-
nces  between  elite  athletes  and  their  less  successful
ounterparts.14
However,  to  move  forward  in  the  understanding  of
xpertise  a  more  multidisciplinary  approach  is  needed.  In
ccordance,  we  hypothesized  that  signiﬁcant  differences
ould  be  found  among  performance  groups  and  the  purposes
f  the  present  study  were:  (i)  to  describe  and  compare  mor-
hological,  physiological,  speciﬁc-skills  and  psychological
ttributes  of  team-handball  players  from  two  teams  with  dif-
erent  performances,  and  (ii)  to  identify  the  variables  that
ifferentiated  between  the  successful  and  less-successful
eam-handball  players.
ethods
tudy  procedure  and  subjects
hirteen  teams  participated  in  the  National  Handball
rofessional  Championship.  A  total  of  thirty-four  team-
andball  players  (age  23.4  ±  4.7  years),  from  two  teams
anked  (during  the  1st  half  of  the  National  Champi-
nship),  i.e.  (i)  ﬁrst  (Successful;  n  =  18;  age,  23.0  ±
.8  years),  and  (ii)  last  place  (i.e.  thirteenth)  (Less-
uccessful,  n  =  16,  age  23.8  ±  5.6  years),  were  studied.
he  local  Scientiﬁc  and  Ethical  committees  approved
he  experimental  protocol.  Before  inclusion  in  the  study,
he  objectives  and  procedures  were  explained  to  sub-
ects,  and  written  informed  consent  was  obtained  from
hem.  All  participants  were  tested  during  the  competi-
ive  period,  and  measurements  of  each  participant  were
ndertaken  according  to  four  categories  of  variables,
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namely:  morphological  (proportionality,  somatotype  and
body  composition),  physiological,  team-handball-speciﬁc
skills  (technical  skills  and  game  intelligence)  and  psycho-
logical  proﬁling.
Morphologic  proﬁling
A  total  of  thirty-three  anthropometric  dimensions  were
obtained.  The  dimensions  included  ﬁve  basic  measures,  nine
skinfolds  (mm),  eight  girths  (cm),  six  breadths  (cm)  and  ﬁve
lengths  (cm).  The  ﬁve  basic  measures  were  stature  (cm),
body  mass  (kg),  sitting  height  (cm),  armspan  (cm),  handspan
(cm).  The  nine  skinfolds  were  subscapular,  triceps,  biceps,
chest,  midaxillary,  iliac  crest,  abdominal,  front  thigh  and
medial  calf.  The  eight  girths  were  head,  arm  (relaxed),  arm
(ﬂexed  and  tensed),  forearm  (maximum),  chest  (mesoster-
nale),  waist  (minimum),  thigh  (mid-troch-tib.  lat.)  and
calf  (maximum).  The  six  bone  breadths  were  biacromial,
transverse  chest,  A--P  chest  depth,  biiliocristal,  humerus
and  femur.  The  ﬁve  lengths  were  acromiale-dactylion,
acromiale-radiale,  radiale-stylion,  radiale-dactylion  and
midstylion-dactylion.  Measurements  included  in  the  anthro-
pometric  proﬁle  were  obtained  following  the  protocol  in
Marfell-Jones  et  al.,15 with  the  exception  of  armspan  (per-
pendicular  distance  between  the  longitudinal  planes  of
the  left  and  right  dactyilon),  handspan  (the  greater  dis-
tance  between  the  longitudinal  planes  of  the  1st  and
5th  ﬁngers),  chest  skinfold  (the  skinfold  measurement  was
taken  obliquely  in  the  mean  distance  between  the  breast
nipple  and  the  axilla  fold),  midaxillary  (measured  hori-
zontally  in  the  level  of  xiphoid-sternal  articulation  over
the  midaxillary  line),  acromiale-dactylion  length  (the  lin-
ear  distance  between  the  acromiale  and  dactylion  sites)
and  radiale-dactylion  length  (the  linear  distance  between
the  radiale  and  dactylion  sites).  Anthropometric  measure-
ments  were  obtained  using  portable  measurement  devices.
Stature  and  heights  were  measured  without  shoes  and
head-covers,  using  a  portable  Anthropometer  (GPM,  Siber-
Hegner,  Zurich,  Switzerland,  2008)  calibrated  to  the  nearest
0.1  cm.  Body  mass  was  measured  with  subjects  wearing
light  clothing  and  without  shoes,  to  the  nearest  0.5  kg,
using  a  scale  (Secca  model  761  7019009,  Vogel  &  Halke,
Hamburg,  Germany,  2006)  calibrated  with  known  weights.
Skinfold  thickness  was  obtained  using  a  skinfold  caliper
(Slim  Guide,  Rosscraft,  Surrey,  Canada,  2001),  lengths  and
diameters  using  a  large  sliding  caliper  (GPM,  Siber-Hegner,
Zurich,  Switzerland,  2008),  girths  using  a  ﬂexible  non-
stretching  steel  (Model  W606PM,  Lufkin,  TX,  USA).  All
measures  were  collected  by  two  technicians  accredited  by
the  International  Society  for  the  Advancement  of  Kinanthro-
pometry  (ISAK)  with  the  levels  1  and  2  (the  intra-observer
technical  errors  of  measurements  were  well  below  the
accepted  maximum  for  stature,  skinfolds,  breadths  and
girths).  Measurements  were  gathered  and  used  to  eval-
uate  proportionality,  somatotype  and  body  composition.
The  somatotype  was  determined  according  to  Head-Carter
anthropometric  protocol16 and  to  evaluate  body  composi-
tion,  the  fractionation  of  body  mass  in  ﬁve  components
(skin,  adipose,  bone,  muscle  and  residual  tissue  masses)  was
used.17
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hysiological  proﬁling
efore  the  physiological  tests,  performed  a  20-min  warm-
p  (incorporating  a slow  jog  followed  by  static  and
ynamic  stretching)  prior  to,  and  rested  during  the  10-
in  between  tests  (recovery  period).  Water  breaks  and
xtra  rest  time  were  allowed  if  needed.  Each  athlete  was
nstructed  and  verbally  encouraged  to  give  his  maximal
ffort.
Participants  performed  nine  tests  and  fourteen  varia-
les  were  recorded  for  analysis.  These  included  two  speed
ests:  30-m  sprint  and  agility.18 All  sprint  times  were
ecorded  using  electronic  timing  lights  (Wireless  Sprint  Sys-
em,  BROWER  Timing  Systems,  Salt  Lake  City,  UT,  USA)  and
he  best  scores  (time;  in  s)  were  recorded  for  analysis.  To
etermine  lower  body  explosive  strength,  as  reported  in
osco  et  al.  protocol,19 the  athletes  performed  four  differ-
nt  vertical  jumps  (squat  jump;  countermovement  jump;
balakov  jump;  drop  jump  --  40  cm)  on  an  Ergojump  (Dig-
time  1000,  Digitest,  Jyvaskyla,  Finland).  Three  trials  were
erformed  and  the  best  trial  was  recorded  for  analysis  (in
).  To  complement  the  aforesaid  tests  to  determine  the
pper  body  explosive  strength,  the  athletes  performed  three
rials  of  two  vertical  jumps  adapted  to  arms  (i.e.  squat
ump  adapted  to  arms;  countermovement  jump  adapted
o  arms).  To  measure  handgrip  strength,  the  participants
ompleted  three  trials  (with  each  hand;  in  kgf),  on  a  grip
trength  dynamometer  (Jamar  Hidraulic  Hand  Dynamome-
er,  Sammons  Preston,  Bolingbrook,  IL,  USA).18 To  measure
ack  strength  the  participants  completed  three  trials  on
 back  muscle  dynamometer  (Takei  n◦1858,  Tokyo,  Japan).18
n  all  dynamometry  measures,  the  best  scores  were  recorded
or  analysis  (in  kgf).  The  abdominal  strength  (i.e.  endurance)
as  assessed  using  the  sit-up  test  (in  60  s),  and  the  number  of
xecutions  was  recorded  for  analysis  (#).18 To  study  the  aer-
bic  capacity,  the  participants  performed  the  Cooper  test18
nd  the  estimated  VO2max values  (R  =  0.90)  were  calculated
sing  the  Cooper  test  equation  [VO2max =  22.351  ×  (distance;
n  m)/1000)  −  11.288].20 To  perform  the  Back-Saver  Sit-
nd-Reach  test,  the  participants  completed  three  trials  on
 ﬂex  tester  (AcuFlex,  Novel  Products  Inc,  Addison,  IL,
SA),  as  reported  by  the  Cooper  Institute  for  Aerobics
esearch.21 The  best  score  was  recorded  for  analysis  (in
m).
eam-handball-speciﬁc  skills  proﬁle
ccording  to  Massuc¸a et  al.  (in  press),  the  scientiﬁc  lit-
rature  does  not  include  validated  tools  to  assess  the
echnical  and  tactical  proﬁciency  of  team-handball  ath-
etes.  To  achieve  this  purpose,  two  handball  expert  coaches
valuated  (on  a ﬁve-points  Likert  scale  ranging  from  ‘‘very
oor’’  --  1  to  ‘‘excellent’’  --  5),  during  2  training  sessions,  all
articipants  using  the  grid  suggested  by  Moreno,22 i.e.:  (i)
even  motor/technical  skills  dimensions  (defensive  displace-
ents;  types  of  marking;  ability  to  retrieve  balls;  ability  to
scape  the  opponent;  pass  and  reception;  type  of  shots;
ne  vs  one);  and  (ii)  four  cognitive  and  game  intelligence
imensions  (ability  to  create  and  ﬁll  up  spaces;  offensive
nd  defensive  battle;  defensive  collaboration;  ability  to  vary
heir  actions).
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sychological  proﬁling
ll  participants  completed  three  psychological  tests:  (i)  Task
nd  Ego  Orientation  in  Sport  Questionnaire  --  TEOSQ;  (ii)
port  Competition  Anxiety  Test  -  SCAT;  and  (iii)  Inventory
f  Self-Perception  --  ICAC.
The  TEOSQ,  a  trait-based  version  of  Duda,23 provided  a
easure  of  motivational  orientation.  The  exploratory  fac-
or  analysis  done,  with  a  subsample  of  adult  male  handball
thletes  (n  =  203)  from  the  Portuguese  (European)  cultural
ontext,  supported:  (i)  the  hypothesized  theoretical  model
f  two  factors  (Bartlett’s  Test  of  Sphericity:  2 =  628.992,
f  =  78,  P  <  0.001;  KMO  =  0.754;  GFI  =  0.927;  AGFI  =  0.874;
MSR*  =  0.040),  and  (ii)  a  satisfactory  internal  consistency
Cronbach’s  alpha  coefﬁcients  being  0.70  and  0.77  for  the
ask  and  ego  orientation  subscales,  respectively).  Subjects
ust  respond  to  13  items  concerning  success  in  sport,
hich  are  preceded  by  the  statement  ‘‘I  feel  most  suc-
essful  in  sport.  Responses  to  each  item  are  measured  on
 ﬁve-point  Likert  scale  ranging  from  ‘‘strongly  disagree’’1
o  ‘‘strongly  agree’’5 and  the  intensity  of  agreement  or
isagreement  with  each  item  reﬂects:  or  a  possible  task
rientation  (e.g.  ‘‘I  learn  a  new  skill  by  trying  hard’’)
r  an  ego  orientation  (e.g.  ‘‘I  can  do  better  than  my
eam  mates’’).  Both,  task  and  ego  orientations  were  cal-
ulated.
The  SCAT  is  a  15-item  scale  that  is  used  to  measure  com-
etitive  trait  anxiety  in  adults.  Ten  of  the  above  mention
tems  make  up  the  scale;  ﬁve  are  spurious  items  (1,  4,  7,
0,  and  13)  included  solely  to  reduce  response  bias.  Items
re  measured  on  a  3-point  scale,  from  ‘‘Hardly  Ever’’1 to
‘Often’’.3 Scores  range  from  10  to  30,  and  higher  scores
ndicate  higher  competitive  trait  anxiety.  Sample  items
nclude,  e.g.  ‘‘Before  I  compete  I  worry  about  not  perform-
ng  well’’  and  ‘‘Before  I  compete  I  get  a  queasy  feeling
n  my  stomach’’.  The  psychometric  properties  of  this  scale
ave  been  extensively  evaluated.24 Item-total  correlations
ange  from  0.60  to  0.82.  Internal  consistency  ranges  from
.95  to  0.97  and  mean  test-retest  reliability  is  0.77.  Martens
t  al.24 reported  that  high  SCAT  scores  were  related  to  high
ompetitive  state  anxiety  in  competitive  situations  and  that
CAT  scores  predicted  competitive  state  anxiety  better  than
oaches’  ratings.
The  ICAC  is  a  subjective  scale  of  self-assessment.  To
ll  the  scale  subjects  must  respond  to  20  items  concern-
ng  self-perception.  Responses  to  each  item  are  measured
n  a  ﬁve-point  Likert  scale  ranging  from  ‘‘Disagree’’1 to
‘Very  much  agree’’.5 Higher  scores  indicate  higher  self-
oncept.  According  to  Vaz-Serra,25 this  instrument  has  good
nternal  consistency  (Spearman--Brown  coefﬁcient  =  0.791
or  a  sample  of  920  participants)  and  high  temporal  sta-
ility  (test--retest  =  0.838,  for  an  interval  of  4  weeks).  An
xploratory  factor  analysis  supports  the  theoretical  model
f  six  factors25:  (i)  Social  acceptance/rejection  (e.g.  ‘‘I’m
sually  well  accepted  by  others’’;  ˛  =  0.76);  (ii)  Self-efﬁcacy
e.g.  ‘‘I  often  give  up  my  job  when  I  meet  difﬁculties’’;
 =  0.70);  (iii)  Psychological  maturity  (e.g.  ‘‘Tend  to  be
rank  and  express  my  opinions’’;  ˛  =  0.72);  (iv)  Impulsivity-
ctivity  (e.g.  ‘‘I  am  a  person  who  really  like  doing  what
 want’’;  ˛  =  0.71).  However,  because  the  ﬁfth  and  sixth
actors  had  a  mixed  nature23 were  not  considered  in  this
tudy.
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tatistical  treatment
ll  calculations  were  performed  using  the  Statistical  Package
or  the  Social  Sciences  (SPSS  Inc,  version  17.0,  Chicago,  Illi-
ois).  Descriptive  and  comparative  data  are  presented,  and
roup  data  are  expressed  as  mean  and  standard  deviation
SD)  for  all  dependent  variables.  Variables  were  checked
or  normality.  Successful  and  Less-Successful  groups  were
ompared  on  each  variable  of  interest  using  multivariate
Non-Parametric  MANOVA)  and  univariate  (Non-Parametric
NOVA)  analysis  of  variance.  The  stepwise  discriminant
unction  analysis  was  used  for  all  data  sets  to  determine
hich  combination  of  measures  best  discriminated  between
he  two  groups  of  players.  Finally,  in  a  multidisciplinary
pproach,  all  selected  variables  were  analyzed  together,
sing  the  stepwise  discriminant  function,  to  determine
hich  combination  of  measures  best  discriminated  between
he  two  groups  of  success.  For  all  analyses,  5%  was  adopted
s  the  signiﬁcance  level.
esults
s  previously  mentioned,  measurements  for  each  partic-
pant  were  undertaken  within  to  four  categories,  i.e.
orphological,  physiological,  handball-speciﬁc  skills  and
sychological  proﬁle,  related  variables.
orphological  proﬁle
o  signiﬁcant  differences  were  indicated,  using  MANOVA,
n  anthropometric  measures  (  =  0.06,  F31,2 =  9.948)  and
pecially  as  regards  girth  measures  (  =  0.776,  F8,25 =  0.901)
nd  breath  mesures  (  =  0.789,  F6,27 =  1.205).  However,
he  MANOVA  showed  signiﬁcant  difference  between  groups
n  what  concerns  basic  measures  (  =  0.614,  F4,29 =  4.563,
 <  0.01),  skinfolds  measures  (  =  0.348,  F9,24 =  4.995,
 <  0.01)  and  length  measures  (  =  0.714,  F4,29 =  2.903,
 <  0.05).  ANOVA  showed  signiﬁcant  differences  between
roups  in  stature,  sitting  height  and  suprailiac  skinfold.
iscriminant  analysis  showed  that  a  combination  of  ﬁve
ariables  could  successfully  discriminated  between  groups
coefﬁcient:  stature  =  −1.738;  chest  skinfold  =  −1.740;
liac  crest  skinfold  =  1.005;  biiliocristal  breath  =  1.234;
adiale-dactylion  length  =  1.514).  The  described  func-
ion  (  =  0.165,  2(5)  =  53.080,  P  <  0.001)  explained  100%
f  anthropometric  variance.  MANOVA  showed  signiﬁ-
ant  differences  in  somatotype  components  (  =  0.763,
3,30 =  3.108,  P  <  0.05)  speciﬁcaly  in  endomorphy  (ANOVA).
n  fact,  discriminant  analysis  showed  that  endomorphy
coefﬁcient  =  1.000)  successfully  discriminated  the  two
roups;  61.8%  of  original  grouped  cases  were  correctly
lassiﬁed  (  =  0.830,  2(1)  =  5.886,  P <  0.05).  Never-
heless,  no  signiﬁcant  differences  were  observed  in
he  study  of  body  composition  (  =  0.752,  F5,28 =  1.846)
Table  1).he  MANOVA  showed  signiﬁcant  groups  difference  on  physi-
logical  characteristics  (  =  0.306,  F14,19 =  3.085,  P <  0.05).
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Table  1  Descriptive  statistics  of  morphological  characteristics  (proportionality,  somatotype  and  body  composition)  for  Suc-
cessful and  Less-Successful  team-handball  groups  (mean  (SD)),  and  independent  samples  comparisons.
Successful  Less-Successful  F  P-Value
Stature  (cm)  184.57  (5.62)  179.11  (5.98)  7.505  0.010 *
Body  mass  (kg)  84.94  (9.25)  85.91  (13.70)  0.059  0.809  NS
Sitting height  (cm)  95.69  (3.19)  91.71  (3.31)  12.704  0.001 **
Handspan  (cm) 22.81  (1.27) 23.19  (2.05) 0.401  0.531  NS
Armspan (cm) 190.38  (6.39) 190.72  (7.41) 0.021 0.886  NS
Subscapular skinfold  (mm) 11.03  (4.64) 14.41  (6.39) 3.166 0.085 NS
Triceps  skinfold  (mm)  10.03  (3.84)  10.81  (4.86)  0.276  0.603  NS
Biceps skinfold  (mm)  5.33  (2.45)  5.53  (3.00)  0.045  0.834  NS
Chest skinfold  (mm)  11.17  (6.18)  9.81  (5.43)  0.455  0.505  NS
Midaxillary skinfold  (mm)  10.36  (5.40)  12.31  (7.42)  0.781  0.383  NS
Iliac crest  skinfold  (mm)  9.22  (5.14)  18.47  (10.37)  11.243  0.002 **
Abdominal  skinfold  (mm)  17.22  (10.18)  19.16  (10.96)  0.285  0.597  NS
Front thigh  skinfold  (mm)  12.67  (4.52)  16.37  (6.76)  3.611  0.066  NS
Medial calf  skinfold  (mm)  8.53  (3.84)  10.34  (4.73)  1.525  0.226  NS
Head girth  (cm)  57.22  (1.60)  57.46  (1.76)  0.166  0.686  NS
Arm (relaxed)  girth  (cm)  32.97  (3.15)  32.42  (1.95)  0.388  0.538  NS
Arm (ﬂexed  and  tensed)  girth  (cm)  34.99  (3.02)  34.60  (2.03)  0.197  0.660  NS
Forearm (maximum)  girth  (cm)  29.14  (1.88)  29.41  (1.23)  0.257  0.616  NS
Chest (mesosternale)  girth  (cm)  103.05  (7.57)  102.83  (5.94)  0.009  0.924  NS
Wais (minimum)  girth  (cm)  83.44  (7.61)  81.81  (6.27)  0.470  0.498  NS
Thigh (mid-troch-tib.  lat.)  girth  (cm)  58.62  (4.69)  55.89  (3.59)  3.658  0.065  NS
Calf (maximum)  girth  (cm)  39.97  (3.00)  39.40  (2.29)  0.391  0.536  NS
Biacromial breath  (cm)  42.33  (1.77)  42.34  (1.61)  0.000  0.990  NS
Transverse chest  breath  (cm)  30.81  (1.93)  30.72  (2.29)  0.017  0.897  NS
A--P chest  depth  breath  (cm)  20.10  (3.01)  20.97  (1.80)  1.069  0.309  NS
Biiliocristal breath  (cm)  29.28  (1.93)  28.52  (2.07)  1.214  0.279  NS
Humerus breath  (cm)  7.01  (0.36)  7.13  (0.30)  1.145  0.293  NS
Femur breath  (cm)  9.89  (0.65)  10.06  (0.55)  0.611  0.440  NS
Acromiale-dactylion  length  (cm)  83.24  (3.65)  82.97  (3.25)  0.053  0.820  NS
Acromiale-radiale  length  (cm) 34.99  (1.56)  35.74  (1.49)  2.100  0.157  NS
Radiale-stylion  length  (cm)  27.42  (1.84)  26.81  (1.41)  1.211  0.279  NS
Midstylion-dactylion  length  (cm) 20.83  (1.05)  20.42  (0.84)  1.643  0.209  NS
Radiale-dactylion  length  (cm) 48.25  (2.47) 47.22  (1.97)  1.816  0.187  NS
Endomorphy  2.78  (1.23) 4.06  (1.68) 6.575  0.015 *
Mesomorphy  5.16  (1.05) 5.34  (1.33)  0.185  0.670  NS
Ectomorphy 2.31  (0.99) 2.06  (1.20) 0.421  0.521  NS
Skin mass  (kg)  4.31  (0.27)  4.23  (0.33)  0.556  0.461  NS
Muscle mass  (kg) 41.36  (4.81)  41.35  (6.62)  0.000  0.994  NS
Adipose mass  (kg)  21.39  (5.95)  23.71  (7.47)  1.017  0.321  NS
Bone mass  (kg)  9.34  (1.18)  9.53  (1.29)  0.197  0.660  NS
Residual mass  (kg)  9.67  (1.46)  9.53  (1.78)  0.066  0.799  NS
The mean difference is: not signiﬁcant (NS).
* P < 0.05.
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Univariate  ANOVA  showed  that  there  were  signiﬁcant
differences  between  groups  for  30-m  sprint,  sit-ups,
handgrip  strength  (right  and  left)  and  back  strength.
Discriminant  analysis  showed  that  the  standing  ver-
tical  jump  (coefﬁcient  =  0.876)  was  more  discriminant
than  the  variables  30-m  sprint  (coefﬁcient  =  0.789),  sit-
ups  (coefﬁcient  =  −0.774)  or  the  right  handgrip  task
(coefﬁcient  =  0.584).  Moreover,  the  function  (  =  0.354,
2(4)  =  31.127,  P  <  0.001)  explain  88.2%  of  physiological  vari-
ance  (Table  2).
A

b
geam-handball-speciﬁc  skills  proﬁle
he  MANOVA  indicated  no  signiﬁcant  differences
etween  groups  in  technical  skills  evaluation  (  =  0.761,
7,26 =  1.164).  However,  the  ability  to  retrieve  balls
as  signiﬁcantly  different  when  using  the  univariate
NOVA.  Furthermore,  the  discriminant  analysis  (  =  0.882,
2(1)  =  3.949,  P  <  0.05)  showed  that  the  ability  to  retrieve
alls  (coefﬁcient  =  1.000)  could  discriminate  between
roups  and  explained  73.5%  of  the  technical  skills  variance.
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Table  2  Descriptive  statistics  of  physiological  characteristics  for  Successful  and  Less-Successful  team-handball  groups  (mean
(SD)), and  independent  samples  comparisons.
Successful  Less-Successful  F  P-Value
30-m  sprint  time  (s)  4.39  (0.20)  4.60  (0.32) *
Speed-agility  time  (s)  22.66  (0.85)  23.05  (1.30)  1.090  0.304  NS
SJ (m)  0.34  (0.06)  0.37  (0.06)  2.557  0.120  NS
CMJ (m) 0.36  (0.06) 0.39  (0.06)  1.260  0.270  NS
ABK (m) 0.43  (0.06) 0.45  (0.07) 1.050  0.313  NS
DJ40 (m) 0.40  (0.07) 0.43  (0.09) 1.339 0.256 NS
SJA (m) 0.15  (0.05) 0.14  (0.06) 0.272 0.606 NS
CMJA (m)  0.21  (0.19)  0.13  (0.05)  2.535  0.121  NS
Sit-ups (#)  53.28  (10.22)  41.25  (8.27)  14.002  0.001 **
Handgrip  right  (kgf)  50.39  (8.25)  58.19  (8.94)  7.001  0.013 *
Handgrip  left  (kgf)  44.22  (8.81)  52.44  (10.56)  6.116  0.019 *
Back  strength  (kgf)  131.17  (20.90)  152.63  (32.72)  5.314  0.028 *
VO2max (ml  kg−1 min−1)  47.28  (3.36)  49.23  (5.43)  1.628  0.211  NS
Sit-and-reach  (cm)  26.92  (6.55)  31.41  (8.42)  3.047  0.090  NS
SJ, Standing vertical jump; CMJ, countermovement vertical jump; ABK, Abalakov jump; DJ40, drop jump from 40-cm; SJA, standing
vertical jump adapted to arms; CMJA, countermovement vertical jump adapted to arms.
The mean difference is: not signiﬁcant (NS)
* P < 0.05.
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onsidering  tactical  variables,  the  MANOVA  showed  that
here  was  no  difference  between  groups  in  what  concerns
he  four  game  intelligence  variables  taken  into  account
  =  0.923,  F4,29 =  0.604,  P  >  0.05),  conﬁrmed  via  ANOVA
Table  3).
sychological  proﬁle
erformances  in  the  three  psychological  tests  (ques-
ionnaires)  were  similar  between  groups,  and  no  sig-
iﬁcant  differences  were  observed  when  using  MANOVA
  =  0.642,  F8,25 =  1.742,  P  >  0.05),  in  fact,  the  uni-
ariate  ANOVA  conﬁrmed  that  the  studied  variables
ere  not  signiﬁcantly  different  between  groups  (Table  4).
f
a
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Table  3  Descriptive  statistics  of  speciﬁc  skills  scores  of  Successfu
independent samples  comparisons.
Successful  
Defensive  displacements  3.33  (1.33)  3
Types of  marking  2.39  (1.33)  3
Ability to  retrieve  balls  2.33  (1.28)  3
Ability  to  escape  the  opponent  2.61  (1.33)  3
Pass and  reception  3.44  (0.98)  3
Type of  shots  3.00  (1.33)  3
One vs  one  2.50  (1.04)  3
Ability to  create  and  ﬁll  up  spaces  2.67  (1.33)  3
Offensive and  defensive  battle  2.78  (0.94)  3
Defensive collaboration  2.67  (1.33)  3
Ability to  vary  their  actions  3.06  (0.87)  3
The mean difference is: not signiﬁcant (NS).
* P < 0.05.ultidisciplinary  approach
sing  all  the  previous  signiﬁcant  and  discriminant  varia-
les,  a  new  stepwise  discriminant  function  analysis  showed
hat  one  function  (  =  0.200,  2(6)  =  46.603,  P  <  0.001),
ith  a  combination  of  six  variables,  could  success-
ully  discriminate  the  groups  studied  (Successful  =  −1.827;
ess-Successful  =  2.055)  and  explained  94.1%  of  variance
cumulative).  Moreover,  the  variables  classiﬁcation  showed
hat  the  30-m  sprint  time  was  the  variable  that  best  dif-
erentiated  between  groups  followed  by  stature,  the  the
bility  to  vary  their  actions,  the  performance  on  stand-
ng  vertical  jump,  on  handgrip  (right)  and  on  sit-ups
Table  5).
l  and  Less-Successful  team-handball  groups  (mean  (SD)),  and
Less-Successful  F  P-Value
.31  (0.79)  0.003  0.957  NS
.06  (0.93)  2.846  0.101  NS
.13  (0.89)  4.274  0.047 *
.00  (0.97)  0.926  0.343  NS
.63  (0.62)  0.398  0.533  NS
.25  (1.00)  0.376  0.544  NS
.13  (1.02)  3.091  0.088  NS
.13  (0.96)  1.302  0.262  NS
.19  (0.91)  1.652  0.208  NS
.13  (0.72)  1.508  0.228  NS
.38  (0.50)  1.657  0.207  NS
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Table  4  Descriptive  statistics  of  psychological  characteristics  for  Successful  and  Less-Successful  team-handball  groups  (mean
(SD)), and  independent  samples  comparisons.
Successful  Less-Successful  F  P-Value
Task  orientation  4.39  (0.49)  4.44  (0.35)  0.101  0.752  NS
Ego orientation  2.90  (0.59)  2.52  (0.72)  2.818  0.103  NS
Anxiety 14.06  (4.14)  13.56  (4.29)  0.116  0.735  NS
Social acceptance/rejection  20.17  (2.46)  19.06  (1.53)  2.405  0.131  NS
Self-efﬁcacy  20.11  (1.49)  19.12  (1.86)  2.944  0.096  NS
Psychological  maturity 15.61  (1.94) 15.81  (1.94) 0.091  0.765  NS
Impulsivity-activity  12.17  (1.50) 12.56  (1.71) 0.515 0.478  NS
Self-concept  73.72  (5.92) 71.88  (4.50) 1.028 0.318 NS
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Discussion
The  main  purpose  of  the  present  study  was  to  identify  the
variables  that  can  distinguish  between  successful  and  less-
successful  team-handball  athletes.
Our  results  showed  that  the  successful  team-handball
athletes  possessed  a  balanced  mesomorph  and  the  less-
successful  athletes  had  an  endomorphic  mesomorph  somato-
type.  Moreover,  signiﬁcant  differences  between  groups  were
observed  as  concerns  the  endomorphy  category.  This  cate-
gory  successfully  discriminated  the  two  groups  (explained
61.8%  of  variance).  Also  ﬁve  anthropometric  measures  suc-
cessfully  discriminated  between  the  two  groups  studied,
namely:  stature,  chest  skinfold,  suprailiac  skinfold,  biil-
iocristal  breath  and  radiale-dactylion  length.
According  to  literature,  body  mass  is  determinant  for  per-
formance,  in  the  throwing  events.2 However,  in  this  study,
there  is  a  small  difference  in  body  mass,  between  the
groups,  that  can  be  conﬁrmed  by  the  small  differences  in
muscle  and  bone  mass  although  the  successful  group  are
signiﬁcantly  taller.
According  to  Ziv  and  Lidor,5 team-handball  is  a
dynamic  team  sport  characterized  by  a  high  capacity  to
develop  force  level,  great  level  of  agility  and  ﬂexibil-
ity.  Nevertheless,  signiﬁcant  differences  between  groups
were  observed  in  ﬁve  physiological  evaluations,  i.e.  the
successful  team-handball  athletes  recorded  (i)  higher  val-
ues  for  sit-ups,  (ii)  faster  times  over  the  30-m  sprint,
and  (iii)  lower  values  on  dynamometry  tests  (handgrip
Table  5  Stepwise  discriminant  analysis  (standardized
canonical  discriminant  function  coefﬁcients,  eigenvalues
and variance)  for  Successful  and  Less-Successful  team-
handball  groups.
Function
Stature  −0.631
30-m sprint  time  1.122
Standing  vertical  jump  0.901
Sit ups  −0.720
Right handgrip  0.791
Ability to  vary  their  actions  0.612
Eigenvalue  3.988
% of  variance  100
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ond  back  strength)  and  in  standing  vertical  jump.  Was
lso  observed  that  the  averages  of  VO2max were  not
ifferent  in  the  two  performance  groups,  but  unlike
he  results  of  Alexander  and  Boreskie26 results  (VO2max:
orld  champion,  53.1  ml  kg−1 min−1;  non-world  champion,
5.2  ml  kg−1 min−1),  less-successful  team-handball  athletes
ad  a  superior  VO2max to  successful  ones.  Furthermore,
lthough  Delamarche  et  al.27 has  reached  the  conclusion
hat  the  maximal  aerobic  power  and  capacity  are  prereq-
isites  to  the  achievement  of  excellence  in  team-handball
age  18--21  years),  and  more  recently  Gorostiaga  et  al.28
oncluded  that  endurance  capacity  does  not  seem  to  be  a
imiting  factor  for  elite  performance  in  team-handball.  In
act,  our  results  suggest  that  team-handball  players  may  not
eed  to  have  an  extraordinary  aerobic  capacity,  but  they
ust  possess  a  reasonably  high  level  aerobic  capacity.
However,  marked  individual  differences  were  observed
mong  elite  team-handball  players  in  four  physiological
ariables  (that  successfully  discriminated  between  the  two
roups),  namely:  the  standing  vertical  jump,  the  30-m
print,  the  sit  ups  and  the  right  handgrip  strength;  which
ighlights  the  physical  demands  of  the  game.  These  results
uggested  that  leg  power  is  an  essential  component  for  suc-
ess  in  athletic  performance.29,30 In  other  words,  it  seems
hat  muscle  mass  and  power  are  attributes  to  excellence  in
eam-handball  players.28
In  general,  morphologic  and  physiological  attributes  do
ave  an  important  role  on  the  all  process  of  training  eval-
ation,  and  physiological  proﬁling  can  generate  a  useful
atabase  against  which  talented  groups  may  be  compared
explaining  88.2%  of  variance).
We  are  aware  that  the  coach  evaluation  (team-handball-
peciﬁc  skills)  is  subjective  and  more  or  less  dependent  on
he  knowledge  of  the  expert’s  assessment.  Nevertheless,
he  ability  to  retrieve  balls  allows  to  discriminate  successful
nd  less-successful  team-handball  athletes  (explain  73.5%  of
ariance).  Considering  the  game  intelligence  proﬁle  and  psy-
hological  variables  no  signiﬁcant  difference  was  observed
etween  groups.  In  fact,  psychological  proﬁles  were  simi-
ar.  However,  no  research  was  found  in  literature  that  had
ompared  the  motivational  orientation,  anxiety  and  self-
erception  of  professional  male  team-handball  players  of
uccessful  and  less-successful  handball  teams.
Finally,  multivariate  statistical  analysis  techniques
evealed  that  the  two  studied  groups  could  be  discriminated
n  the  basis  of  six  variables,  and  the  most  discriminating
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as  the  performance  on  the  30-m  sprint  test  (i.e.  time),
ollowed  by  the  standing  vertical  jump  (height),  the  right
andgrip  strength,  the  abdominal  resistance  (sit-ups),  the
tature  and  the  technical  ability  to  vary  their  actions.
hese  results  agree  partially  with  the  results  observed
i)  in  elite  female  team-handball  players9;  and  (ii)  in  young
eam-handball  players.3 In  fact,  it  seems  that  in  youth  team-
andball  players,  the  skill  test  could  be  a  good  indicator
o  provide  coaches  with  relevant  information  in  the  selec-
ion  process.  Nevertheless,  we  observed  that  (in  adult  male
eam-handball  athletes)  the  determinants  of  success  are
ultidisciplinary.  In  other  words,  our  results  suggested  that
he  anthropometric  (stature),  physiological  (standing  verti-
al  jump,  right  handgrip,  sit  ups)  and  cognitive  and  game
ntelligence  (ability  to  vary  their  actions)  proﬁles  must  be
onsidered  e  training  programs  and  in  the  selection  process.
onclusion
he  battery  test  designed  for  this  investigation  was  mul-
idisciplinary  in  the  sense  that  it  embraced  morphologic,
hysiological,  handball-speciﬁc  skills  and  psychological
easures,  which  could  be  gathered  in  training  conditions
nd  did  not  require  formal  laboratory  evaluations.  The  test
attery  proved  to  be  of  practical  signiﬁcance  in  so  far  as
t  successfully  discriminated  between  groups  of  success  and
ess-successful  team-handball  athletes.  Moreover,  perform-
nces  on  the  30-m  sprint  test,  the  standing  vertical  jump,
he  right  handgrip  strength,  the  sit-ups  test,  stature,  and
he  ability  of  a  player  to  vary  their  actions  appear  to  be  the
trongest  predictors  of  success  in  team-handball.  Despite
his  multidisciplinary  approach  to  success  in  team-handball
s  innovative,  the  small  sample  size  weakens  the  study.  In
ccordance,  the  next  step  would  be  (i)  to  examine  the  valid-
ty  of  discriminant  variables  (as  predictors)  in  a  large  sample
f  adult  team-handball  players,  (ii)  to  establish  whether
he  new  protocol  proves  useful  in  discriminating  between
uccessful  handball  players,  and  (iii)  to  establish  baseline
eference  data  for  the  development  of  perceptual  training
rograms  and  talent  identiﬁcation  of  potential  elite  male
eam-handball  players.
onﬂict of interest
he  authors  declare  that  they  have  no  competing  interests.
cknowledgements
he  authors  thank  the  athletes  who  participated  in  this
tudy.
No  funding  received  for  this  work.
eferences
1. Nevill A, Atkinson G, Hughes M. Twenty-ﬁve years of sport per-
formance research in the Journal of Sports Sciences. J Sports
Sci. 2008;26:413--26.2. Reilly T. Assessment of sports performance with particular ref-
erence to ﬁeld games. Eur J Sport Sci. 2001;1:1--12.
3. Lidor R, Falk B, Arnon M, Cohen Y, Segal G, Lander Y. Mea-
surement of talent in team handball: the questionable use
2
2L.  Massuc¸a,  I.  Fragoso
of motor and physical tests. J Strength Cond Res. 2005;19:
318--25.
4. Hasan AAA, Rahaman JA, Cable NT, Reilly T. Anthropomet-
ric proﬁle of elite male handball players in Asia. Biol Sport.
2007;24:3--12.
5. Ziv G, Lidor R. Physical characteristics, physiological attributes,
and on-court performances of handball players: a review. Eur J
Sport Sci. 2009;9:375--86.
6. Buchheit M, Lepretre PM, Behaegel AL, Millet GP, Cuvelier
G, Ahmaidi S. Cardiorespiratory responses during running and
sport-speciﬁc exercises in handball players. J Sci Med Sport.
2009;12:399--405.
7. Chelly MS, Hermassi S, Aouadi R, Khalifa R, Tillar RV, Chamari K,
et al. Match analysis of elite adolescent team handball players.
J Strength Cond Res. 2011;25:410--6.
8. Schorer J, Baker J, Fath F, Jaitner T. Identiﬁcation of
interindividual and intraindividual movement patterns in hand-
ball players of varying expertise levels. J Motor Behav.
2007;39:409--21.
9. Cavala M, Rogulj N, Srhoj V, Srhoj L, Katic´ R. Biomotor structures
in elite female handball players according to performance. Coll
Antropol. 2008;32:231--9.
0. Rogulj N, Srhoj V, Srhoj L. The contribution of collective
attack tactics in differentiating handball score efﬁciency. Coll
Antropol. 2004;28:739--46.
1. Miller PS, Kerr GA. Conceptualising excellence: past, present,
and future. J Appl Sport Psychol. 2002;14:140--53.
2. Duda JL, Treasure DC. Toward optimal motivation in sport:
fostering athletes’ competence and sense of control. In:
Williams J, editor. Applied sport psychology: personal growth
to peak performance. 5th ed. New York: McGraw Hill; 2006.
p. 57--82.
3. Elferink G, Visscher C, Lemmink K, Mulder T. Relation between
multidimensional performance characteristics and level of per-
formance in talented youth ﬁeld hockey players. J Sports Sci.
2004;22:1053--63.
4. Williams AM, Reilly T. Talent identiﬁcation and development in
soccer. J Sports Sci. 2000;18:657--67.
5. Marfell-Jones M, Olds T, Stewart A, Carter JEL. Interna-
tional standards for anthropometric assessment (revised 2006).
Underdale, SA: International Society for the Advanced of Kinan-
thropometry; 2006. ISBN 0-620-36207-3.
6. Carter JEL, Heath BH. Somatotyping----development and appli-
cations. Cambridge: Cambridge University Press; 1990.
7. Kerr D. An anthropometric method for the fractionation of skin,
adipose, bone, muscle and residual tissue masses in males and
females age 6 to 77 years. Burnaby, BC, Canada: Simon Fraser
University; 1988 [MSc Thesis].
8. Massuc¸a LM. Contributions to build an elite handball player
model. Cruz-Quebrada: Faculty of Human Kinetics, Technical
University of Lisbon; 2007 [MSc Thesis].
9. Bosco C, Luhtanen P, Komi P. A simple method for measure-
ment of mechanical power in jumping. Eur J Appl Physiol.
1983;50:273--82.
0. Cooper KH. A mean of assessing maximal oxygen uptake. J Am
Med Assoc. 1968;203:201--4.
1. Cooper Institute for Aerobics Research. The Prudential
FITNESSGRAM® Test Administration Manual. Dallas, TX: The
Cooper Institute for Aerobics Research; 1992.
2. Moreno F. Balonmano. Detección, Selección y Rendimiento de
Talentos. Madrid: Editorial Gymnos; 2004.
3. Duda JL. Relationship between task and ego orientation and the
perceived purpose of sport among high school athletes. J Sport
Exerc Psychol. 1989;11:318--35.
4. Martens R, Vealey RS, Burton D. Competitive Anxiety in Sport.
Champaign, IL: Human Kinetics; 1990.
5. Vaz-Serra A. O inventário clínico de Auto-Conceito. Psiquiatr
Clín. 1986;7:67--84.
2Documento descargado de http://www.apunts.org el 27/12/2013. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.A  multidisciplinary  approach  of  success  in  team-handball  
26. Alexander MJ, Boreskie SL. An analysis of ﬁtness and
time-motion characteristics of handball. Am J Sports Med.
1989;17:76--82.
27. Delamarche P, Gratas A, Beillot J, Dassonville J, Rochcongar P,
Lessard Y. Extent of lactic anaerobic metabolism in handballers.
Int J Sports Med. 1987;8:55--9.
28. Gorostiaga EM, Granados C, Ibán˜ez J, Izquierdo M. Differ-
ences in physical ﬁtness and throwing velocity among elite
3151
and amateur male handball players. Int J Sports Med. 2005;26:
225--32.
9. Shetty AB. Estimation of leg power: a two-variable model.
Sports Biomech. 2002;1:147--55.0. Chaouachi A, Brughell M, Levin G, Ben N, Boudhina B,
Cronin J, et al. Anthropometric, physiological and performance
characteristics of elite team-handball players. J Sports Sci.
2009;27:151--7.
